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Abstract
Instanton effects can give large contribution to strong interacting processes, especially at the
energy scale where perturbative QCD is no longer valid. However instanton contribution to the
gluon contribution in constituent quark and nucleon has never been calculated before. Based on
both the constituent quark picture and the instanton model for QCD vacuum, we calculate the
unpolarized and polarized gluon distributions in the constituent quark and in the nucleon for the
first time. We find that the pion field plays an important role in producing both the unpolarized
and the polarized gluon distributions.
Keywords: gluon, quark structure, quark gluon interaction, non-perturbative,interaction, instanton
model, quantum chromodynamics, nucleon, hadron.
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1 Introduction
Due to the non-perturbative nature of QCD, when dealing with low-energy states of hadrons, such
as nucleons, various models has to be adopted, the most important one is the parton model. The
distribution of partons are described by the parton distribution functions (PDFs), one of the cor-
nerstones of the calculation of high energy cross sections. PDFs are fit from experiment data, not
calculated from first principles. Among various PDFs, the gluon distribution function in the proton
give the dominant contribution to the cross sections, they are also of great importance in order to
understand the so-called proton spin crisis [1].
The general form of interaction vertex of massive quark with gluon can be written as
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where k2
1,2 are the virtualities of incoming and outgoing quarks and q is the momentum transferred.
The Anomalous Quark Chromomagnetic Moment (AQCM) is [2, 4, 7]
µa = F2(0, 0, 0) = −
3π(Mqρc)
2
4αs(ρc)
(2)
Based on both the constituent quark model for the nucleon and the instanton model for the non-
perturbative QCD vacuum [3, 4], we can calculate the gluon distribution function in the quarks
and nucleons. The instantons are a result of tunneling effects in QCD, they can be considered as
strong non-perturbative fluctuations of the gluon fields in vacuum which describes the non-trivial
topological structure of the QCD vacuum. The average size of the instantons ρc ≈ 1/3 fm is much
smaller than the confinement size Rc ≈ 1 fm. Furthermore, spontaneously chiral symmetry breaking
(SCSB) induced by the instantons is partly responsible for the existence of constituent massive
quark. The SCSB also has important effects in the hadronic reactions, such as in the spin-flip effects
observed in high energy nucleon reactions [5]. Instanton contribution to such process was suggested
in [6]. the connection between effective mass of the quark and the instanton vacuum is discussed in
[4, 7, 8, 4]. Instanton contribution to the high energy inclusive pion production in the proton-proton
collisions was discussed in ref [9, 10].
1
2 Gluon unpolarized and polarized distributions in the con-
stituent quark
The effective Lagrangian based on the quark-gluon chromomagnetic interaction that preserves the
chiral symmetry [8, 4] reads
LI = −i
gsµa
4Mq
q¯σµνtaeiγ5~τ ·
~φpi/FpiqGaµν , (3)
where µa is the (AQCM), gs is the strong coupling constant, G
a
µν is the gluon field strength, and
Fπ = 93 MeV is the pion decay constant. Expand above Lagrangian to the first order of the pion
field, we get [9, 10]
LI = −i
gsµa
4Mq
q¯σµνtaq Gaµν +
gsµa
4MqFπ
q¯σµνtaγ5τ · piq G
a
µν . (4)
Where Mq is the effective quark mass in the instanton vacuum[11, 3]. The strong coupling constant
is fixed at instanton scale as αs(ρc) = g
2
s(ρc)/4π ≈ 0.5 [4].
The Altarelli-Parisi (AP) approach is adopted to calculate the gluon distribution functions in
the constituent quark [12]. The contributions from the perturbative QCD (pQCD) and the non-
perturbative instanton-induced interactions are shown in Fig.1. In the single instanton approxima-
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Figure 1: a) corresponds to the contributions from the pQCD to gluon distribution in the quark.
b) and c) correspond to the contributions to the gluon distribution in the quark from the non-
perturbative quark-gluon interaction and the non-perturbative quark-gluon-pion interaction, respec-
tively.
tion, the expansion parameter is δ = (Mqρc)
2, which is relatively small with the value of the quark
mass Mq = 86 MeV in the effective single instanton approximation which we used here [11].
The non-perturbative contribution with the pion, i.e. diagram c) in Fig.1, has never been cal-
culated before. By calculating the matrix element for the diagram c) in Fig.1 and performing the
integration over x, we can obtain the unintegrated unpolarized and polarized gluon distribution in
the quark.
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Figure 2: The z dependency of the contributions to the the unpolarized gluon distribution in the
constituent quark from the pQCD (left panel), from the non-perturbative interaction without pion
(central panel), and from the non-perturbative interaction with pion (right panel). The dotted line
corresponds to Q2 = 2 GeV2, the dashed line to Q2 = 5 GeV2, and the solid line to Q2 = 10 GeV2.
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Figure 3: The z dependency of the contributions to the polarized gluon distribution in the con-
stituent quark from the pQCD (left panel), and from the non-perturbative interaction with pion
(right panel). The notations are the same as in the Fig.2. In the right panel the result for Q2 = 5
GeV2 does not shown because it is practically identical to the Q2 = 10 GeV2 case.
Fig.2 shows the unpolarized gluon distribution in constituent quark versus z at several Q2, where
z is the fraction of quark momentum carried by gluon.
On one hand, the unpolarized gluon distribution produced by the perturbative QCD depends
stronger on z than that produced by the non-perturbative interactions. Hence the pQCD dominates
the large z region. On the other hand, the gluon distribution produced by non-perturbative quark-
quark-gluon interaction is rather small in comparison with that from both the pQCD, a) in Fig.1,
and the non-perturbative interaction with pion, c) in Fig.1, partly because of a larger final phase
space due to an extra pion. At small z for all the contributions zg(z, Q2) ≈ const, which is so-called
Pomeron-like behavior. The polarized gluon distributions in the constituent quark are shown in
Fig.3. Again it is obvious that pQCD contribution to the polarized gluon distribution dominates in
the large z region, where the non-perturbative interaction with pion dominates in small z region.
Furthermore, pQCD contribution shows ∆g(z, Q2)→ const, while the non-perturbative contribution
shows anomalous dependency as ∆g(z, Q2) → log(z). When Q2 increases, the pQCD contribution
increases as log(Q2ρ2c) while the non-perturbative contribution practically stays the same for Q
2 >
1/ρ2c = 0.35GeV
2. Therefore, the non-perturbative interaction contribution to the gluon distribution
can be ragarded as an intrinsic polarized gluon inside the constituent quark.
3 Gluon distributions in the nucleon
Knowing the gluon distribution in the constituent quark, we can use convolution model to obtain
the gluon distribution in the nucleon. The PDF of the unpolarized constituent quark is taken to be
qV (y) = 60y(1− y)
3. (5)
This PDF is in accord with the quark counting rule at large y this distribution. Its low y behavior
and normalization are fixed by the requirements that
∫
1
0
dyqV (y) = 3 and
∫
1
0
dyyqV (y) = 1. For the
polarized constituent quark distribution, a simple form is adopted to be
∆qV (y) = 2.4(1− y)
3. (6)
Which is also in agreement with the quark counting rule at y → 1. The normalization conditions
has been fixed from the hyperon weak decay data (see [1]) as
∫
1
0
dy∆qV (y) = ∆uV +∆dV ≈ 0.6. (7)
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Figure 4: Unpolarized (left panel), and the polarized (right panel) gluon distributions in the nucleon
at the scale Q2 = 2 GeV2. The dotted line in red corresponds to the contribution from pQCD, the
dotted-dashed in blue to the contribution from the non-perturbative interaction with pion, dotted-
dashed in black to the contribution from the non-perturbative interaction without pion, and the
solid line to the total contribution.
Both the unpolarized and polarized gluon distributions in the nucleon have been presented in
Fig.4, where Q2
0
= 2 GeV2. This value of Q2 is often used as the starting point for the standard
pQCD evolution. Our result for the unpolarized gluon distribution, which is shown in the left panel
of Fig.4, is identical to the GJR parametrization xg(x) = 1.37x−0.1(1− x)3.33 [13]. It is well known
that the behavior of non-polarized gluon distribution at low x region is determined by the exchange
of Pomerons. Pomeron exchange effects play a very important role in the phenomenology of high
energy reactions. Our results shown in Figs.2,4 indicate the existence of two different kinds of
Pomerons, the ”hard” pQCD Pomeron and the ”soft” non-perturbative Pomeron, they have quite
different dependency on x and Q2. Our calculation strongly supports two kinds of Pomerons pictures
which can explain many experimental data in both the DIS data at large Q2 and the high energy
cross sections with small momentum transfer [14].
4 Proton spin problem
The polarized gluon distribution is shown in the right panel of Fig.4. The fraction of nucleon mo-
mentum that carried by the gluons G(Q2) =
∫
1
0
dxxg(x,Q2), as well as their polarization ∆G(Q2) =∫
1
0
dx∆g(x,Q2) are presented as a function of Q2 in Fig.5. It is clear that the non-perturbative
interaction without pion gives a small contribution to unpolarized gluon distribution. Furthermore,
such contribution is zero for the polarized gluon case. For Q2 > 1/ρ2c , the main contributions to both
the unpolarized and the polarized gluon distributions come from pQCD and the non-perturbative
interaction with the pion.
Jaffe and Manohar decomposed the proton spin into[15]
1
2
=
1
2
∆Σ +∆G + Lq + Lg, (8)
where the first term is quark spin, ∆G =
∫
1
0
dx∆g(x) is the gluon polarization and the last two
terms are quark and gluon orbital momentum. The key problem is to explain discovered small value
of the proton spin carried by quark. At present we have ∆Σ ≈ 0.25 [1], which is in bad agreement
with ∆Σ = 1 given by the non-relativistic quark model. Shortly after the EMC data which reveals
such discrepancy between experiment and theoretical predictions, the axial anomaly effect in DIS
was brought out and considered to be the primary candidate as a remedy for the dilemma. [16]. For
three quark flavors, it gives following reduction of the quark helicity in the DIS
∆ΣDIS = ∆Σ−
3αs
2π
∆G (9)
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Figure 5: The part of the nucleon momentum carried by gluons (left panel), and the contribution
of the gluons to nucleon spin (right panel) as the function of Q2. The notations are the same as in
the Fig.4
A big positive gluon polarization is needed, ∆G ≈ 3÷4, in order to explain the small value of ∆ΣDIS.
However, modern experimental data from the inclusive hadron productions and the jet productions
have exclude such a large gluon polarization in the accessible intervals of x and Q2 [17, 18], and
so does our model (see Fig.5, right panel). Therefore, the axial anomaly effect, suggested in [16],
cannot explain the proton spin problem. We should stress that the helicity of the initial quark is
flipped in the vertices b) and c) in Fig.1. As the result, such vertices should lead to the screening of
the quark helicity. It is evident that at the Q2 → 0 such screening vanishes as shown in Fig.5 and
the total spin of the proton is carried by its constituent quarks.
We would like to emphasis that in our approach, our model enables us to calculate the un-
integrated gluon distribution function, which is of essential importance in many application, such as
the calculations of high energy various reactions.
5 Conclusion
We show that the quark-gluon-pion anomalous interaction gives a very large contribution to both
the unpolarized and polarized gluon distributions. It means that pion field plays a fundamental role
to produce both gluon distributions in hadrons. The possibility of the matching of the constituent
quark model for the nucleon with its partonic picture is shown. The phenomenological arguments
in favor of such a non-perturbative gluon structure of the constituent quark were recently given in
the papers [19, 20]. We also pointed out that the famous proton spin crisis might be explained by
the flipping of the helicity of the quark induced by non-perturbative anomalous quark-gluon and
quark-gluon-pion interactions.
Acknowledgments
We are grateful to Igor Cherednikov, Boris Kopeliovich, Victor Kim and Aleksander Dorokhov for
useful discussions. This work was partially supported by the National Natural Science Foundation
of China (Grant No. 11575254 and 11175215), and by the Chinese Academy of Sciences visiting
professorship for senior international scientists (Grant No. 2013T2J0011). This research was also
supported in part by the Basic Science Research Program through the National Research Foundation
of Korea(NRF) funded by the Ministry of Education(2013R1A1A2009695)(HJL).
5
References
[1] C. A. Aidala, S. D. Bass, D. Hasch and G. K. Mallot, Rev. Mod. Phys. 85, 655 (2013).
[2] N. I. Kochelev, Phys. Lett. B 426, 149 (1998)
[3] T. Scha¨fer and E.V. Shuryak, Rev. Mod. Phys. 70 (1998) 1323.
[4] D. Diakonov, Prog. Part. Nucl. Phys. 51 (2003) 173.
[5] N. Kochelev and N. Korchagin, Phys. Lett. B 729, 117 (2014).
[6] N. I. Kochelev, Phys. Lett. B426 (1998) 149.
[7] N. Kochelev, Phys. Part. Nucl. Lett. 7, 326 (2010).
[8] J. Balla, M. V. Polyakov and C. Weiss, Nucl. Phys. B 510, 327 (1998).
[9] N. Kochelev, H. J. Lee, B. Zhang and P. Zhang, Phys. Rev. D 92, no. 3, 034025 (2015).
[10] N. Kochelev, H. J. Lee, Y. Oh, B. Zhang and P. Zhang, arXiv:1510.00472 [hep-ph].
[11] P. Faccioli and E. V. Shuryak, Phys. Rev. D 64, 114020 (2001).
[12] G. Altarelli and G. Parisi, Nucl. Phys. B 126, 298 (1977).
[13] M. Gluck, P. Jimenez-Delgado and E. Reya, Eur. Phys. J. C 53, 355 (2008).
[14] P. V. Landshoff, Acta Phys. Polon. B 40, 1967 (2009)
[15] R. L. Jaffe and A. Manohar, Nucl. Phys. B 337, 509 (1990).
[16] A.V. Efremov and O.V. Teryaev, Dubna preprint E2-88-287 (1988); G. Altarelli and G. G. Ross,
Phys. Lett. B 212, 391 (1988).
[17] D. de Florian, R. Sassot, M. Stratmann and W. Vogelsang, Phys. Rev. Lett. 113, no. 1, 012001
(2014).
[18] E. R. Nocera et al. [NNPDF Collaboration], Nucl. Phys. B 887, 276 (2014).
[19] B. Z. Kopeliovich, I. K. Potashnikova, B. Povh and I. Schmidt, Phys. Rev. D 76, 094020 (2007).
[20] B. Z. Kopeliovich, B. Povh and I. Schmidt, Nucl. Phys. A 782, 24 (2007).
6
